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Annotation

The principal sources of noise of modern transport aircraft

and the use of methods of reduction of the action of noise on

the population living in the vicinity of airports are examined.

It is emphasized that only multiple development and introduction

of measures, providing for a reduction in noise at the source

and on its propagation path, for example, by means of building

less noisy aircraft engines, use of special flight maneuver

procedures and air traffic .cohtrl rl as well as design-planning

measures, permit successful solution of this problem.

Operating noise reduction procedures and their effectiveness

for domestic passenger jet engine aircraft are examined in the

paper, and ways are pointed out to decrease noise created during

letdown of an aircraft for landing. Singularities of the noise

characteristics of the supersonic Tu-144 aircraft and applicable

methods for reducing its intensity are indicated.

The basic conditions of standard requirements, applicable

in the USSR, on limitation of building in the vicinity of

airports from conditions of the noise created by aircraft are

reported.

ii



REDUCTION OF AIRCRAFT NOISE .IN THE VICINITY
OF AIRPORTS

B.N. Mel'nikov

In the last 10-15 years, in a number of countries with /3*
developed aircraft industries, extensive studies have been

carried out on the characteristics of jet engine aircraft noise
and the singularities of generation and action of noise on

the population, for the purpose of developing effective measures
to reduce it.

The noise reduction problem is extremely complicated, and
only a multiple development and systematic introduction of
measures providing for noise reduction at the source and on
its propagation path, for example, by means of building quieter
aircraft, the use of special flying procedures, design-planning

measures and special procedures for a i r t r a f f i c
control, permit solution of this problem. We dwell only on
methods of reduction of irritating noises, by means of use
of operational procedures and limitations on building in the
vicinity of airports.

These methods, together with the introduction of quieter
aircraft with double flow turbojet engines (DTJE), are quite
widely used in the Soviet Union. In developing and introducing
them,.the experience of other countries and, in particular, the
recommendations of the International Civil Aviation Organization
(ICAO) and the International Organization on Standardization
(ISO) have been studied.

Operational procedures for aircraft noise reduction are,
generally speaking, forced- measures, which complicate aircraft

*Numbers in the margins indicate pagination in the foreign text.
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operation as a rule and, sometimes, r educe the flight safety

level. However, the harmful effect of noise in the vicinity

of modern airports_is being reached with the continually

increasing rate of flights of such significance, that the

stream of complaints and protests from the population:living

in these areas forces urgent measures to be taken.

At the same time, efforts to reduce the noise of operating

aircraft, by means of design improvements, are expensive and

usually are connected with deterioration of the flight charac-

teristics of the aircraft and of its economy [1]. Therefore,
for the purpose of reducing the acuteness of the problem, even

with the recent introduction of new, comparatively quiet aircraft,

satisfying the ICAO standards [2] and the similar domestic

standard [3], quite extensive use of operational procedures and
design-planning measures is foreseen.

Selection of Optimum Control of Aircraft During Takeoff with
Decreased Noise

The problem of developing special methods of aircraft

piloting during takeoff admits of mathematical modeling, and it /4
can be solved by the methods of optimum control theory [4].

We will describe the movement of the center of mass of
an aircraft by a system of differential equations

where

S= (> 2**r"d )'sj C is a vector function;

U. (lU. ... , Z ) is a control function;
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xI = v is the flight speed; x2 = e is the angle of inclination
of the flight path to the horizon; x = pc is the deflection

angle of the flight path; x4 = 1 and x5 = h are the current

coordinates; ul = a is the angle of attack; u2 = 8 is the slip

angle; u3 = yc is the high-speed bank angle; u4 = p is the

deflection angle of the thrust vector; u5 = 63 is the deflection

angle of the mechanization elements; u6 = P is the engine thrust.

.r ma cos((- fl(cor..'.)C3X co! S( n.3- SrS -.

,-a I - C os . A _

-___sn zTO caSI3.cos rcm ro fr si6 - --- r - -

M 'cos a C

where X, Y, and Z are aerodynamic forces and m is the aircraft mass.

For modern jet aircraft, the total radiated acoustical
power W can be presented in the form of the sum of acoustical

powers radiated by the jet stream and the compressor.

The action of noise on the population usually is determined
by the acoustical pressure level, the spectral composition and
duration of action of the noise. For an estimate of the irritating
action of noise during a single aircraft flight, the EPNL effec-
tive perception of noise level system usually is used. Taking
account of a number of simplifying assumptions, in accordance
with this criterion, the following value can serve as a measure
of the irritating effect of noise:
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A = Z =

where a is a constant, € is the noise- directionality charac- /5
teristic, R is the distance from the aircraft to the noise

measurement point and L is the acoustical pressure level at

the control point.

Thus, the problem of finding the optimum flight program is

reduced to determination of that solution of the system of

equations of motion which provides the minimum integral criterion

A. A singularity of this problem is limitation by phase coordi-

nates, control functions and maximum noise level. The problem

can be generalized for the case of minimization of noise in a

section of an area with fixed boundaries.

For solution of this problem, it is recommended that the

method of fastest descent be used, permitting the optimum noise

flight conditions to be investigated by means of computer. As

a result, the most advantageous aircraft control program as to

noise is determined, with allowance for the assigned limitations.

This method was used in determination of optimum takeoff

flight paths of a number of subsonic aircraft. As the calcula-

tions showed, in accomplishing optimum control by a number of

parameters, the aircraft noise level can be reduced to a value
of down to 1-12 PNdB.

The proposed algorithm can be used for both determination

of the most advantageous takeoff flight paths of prospective

aircraft, including SST, and in solution of problems of

increasing effectiveness of takeoff methods for operating aircraft.
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Operating Aircraft Noise Reduction Pro:cedures

The selection of special operating procedures depends on

local conditions, mainly on the location of populated points

near airports, aircraft types and their operating conditions.

The most effective is the use of a course excluding low-

altitude flyovers of populated points, while observing regulated

flight safety conditions. Operating procedures, directed towards

noise reduction during aircraft takeoff, as is well-known, include:

1. initial climb with a considerable gradient to provide

the greatest altitude during approach to a populated

place;

2. reduction in the engine operating modes during flyover

of populated points;

3. execution of turns in the direction away from populated

points;

4. use of the preferable runway noise conditions;

5. use of the minimum noise course.

In all cases, with the exception of the second, a reduction /6

in the irritating action of noise is achieved, as a result of

increasing the distance between the noise source and populated

points or of reduction in flyovers of them; in the case of

engine throttling, by means of decrease in radiation by the source.

This procedure is most effective for single-flow jet engines

and double-flow turbojet engines with a low degree of double flow,

in which the decisive noise source is the jet flow.

Increase in Gradient of Initial Climb

Flight with negligible acceleration after liftoff and holding

constant the speed reached in the subsequent. climb (usually, this

is achieved in practice at a speed of at least V 2 + 20 km/h,

where V 2 is the safe takeoff speed) provides approximately twice

the initial climb angle of continuous aircraft acceleration. As
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a result of this, under otherwise equal conditions, the noise

is reduced by 6 dB on the average. During a takeoff by this

method, a redistribution of the balance of the available thrust

takes place: the major part of it is expended in creation of

vertical velocity V y. In a normal takeoff.:with continuous

acceleration, used previously, for example, in operation of

the two-engine types Tu-104 and Tu-124 aircraft, a thrust, equal

to the thrust of approximately one engine, is expended in creation

of accelerated motion of the aircraft and the same thrust on

overcoming d 1r:r a g and only a small part of it (about

0.1 of the thrust of one engine) in creation of V [51].

The noise created in an area during takeoff of an aircraft

of this type is determined by two main factors, distance from

the aircraft and the operating modes of its engines. The flight

altitude of an aircraft at a given distance from the start of

the run and, consequently, the noise created by it, depends on

six independent variables: engine thrust, aircraft weight, its

wing area, a coefficient allowing for the effect of induced drag,

the drag coefficient at zero lift and flight speed [6].

On the basis of analysis of the known relationships and

results of flight research, it has been established that the

climb gradient, aside from other factors, depends on the

deflection angle of the flaps. Therefore, at the flight alti-

tude of a control point, located at a specific distance from

the start of the run, it can be increased, as a result of

selection of the optimum flap deflection angle during takeoff.

For preservation of a definite degree of flight safety,

flap deflection leads to an increase in run length during takeoff

and the initial climb angle. An increase in the flap deflection /7

angle decreases the run length; however, in this case, the

initial climb angle decreases. However, as experience shows,
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in the near and distant zones (up to 4'.5 km and over 8 km from

the start of the run, respectively), a reduction in noise by

means of choice of the optimum flap position during takeoff is

low, reaching 2 TPNdB.

Sometimes, for reduction in the standard noise levels, the

takeoff weight of the aircraft has to be reduced. The noise

reduction in this case is achieved by means of decrease in

the run length, increase in the initial climb angle and a
relatively large reduction in the engine operating mode for

maintenance of a given climb gradient. Reduction in takeoff

noise by means of reduction in the useful load is economically

disadvantageous.

Engine Throttling

Engine throttling is carried out for the purpose of reduc-
tion in noise during approach to a populated place after gaining

altitude with the maximum gradient. The minimum altitude for
throttling back is 200 m, and the minimum mode is selected in

such a way that, with a maximum takeoff weight and initial

temperature of +1500C, the positive climb gradient is at least

5%, in accordance with standards [3].

The results of use and acoustical effectiveness of this
method are quite diverse. With significant decrease in noise
under the takeoff flight path. in the engine throttle-back

section, increase in it is possible in regions located beyond
this section on the takeoff course. A decrease in noise,
achieved as a result of throttling back the engines, depends
significantly on engine type. Overall, this reduction is
greater for jet engines than for double-flow turbojet engines,
and it can be expressed by the approximate ratio APNL = 501logP/P M
for jet exhaust noise; in the case when the noise of a double-flow
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turbojet engine compressor is decisive, the reduction amounts

to only 251ogP/Pm, where P is the engine thrust in the throttled

mode and Pm is the maximum thrust.

Execution of Climbing Turns

Execution of climbing turns permits noise in populated

points, located close to an airport along the takeoff course,

to be reduced significantly. This is one of the main methods

used in selection of the minimum noise course. Turns are

accomplished after reaching an altitude of at least 150 m

above the ground and obstacles under the flight path, at a

bank angle of not over 150. Turns usually are not permitted

in combination with throttling back the engines.

Use of Runways Preferred as to Noise

It is used more often at airports with several runways,

separate ones of which do not have populated areas located close

to the direction of the axis, and, in the case of some runways,

of populated points to one side. This procedure for reduction

of the irritating action of noise is not used, if the runway is /8

covered with snow, slush, a layer of ice, water, mud, oil, as

well as with cross and tail components of the wind exceeding

7.5 and 2.5 m/sec, respectively.

Use of Minimum Noise Course

In a number of cases,(depending on the location of populated

points in the vicinities of airports), it permits the irritating

action of noise to be reduced considerably or even completely

eliminated. Limited possibilities of use of this method

frequently are determined by deterioration in economy of operation,
in connection with reduction in the airport throughput capacity

and complications in air traffic control.
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Let us briefly examine the results. of flight tests, carried

out with all types of civil aviation aircraft, for the purpose

of working out methods of flying with a decrease in noise in

the area during takeoff.

In the Tu-104 turbojet aircraft, the first in the world to

begin regular passenger flights, such investigations were begun

comparatively long ago [7, 8], and the method of piloting an

aircraft with decreased noise during takeoff is given in works

[9, 10].

The results of investigation of the noise characteristics

and the method of flying the Tu-124 aircraft with decreased

noise over an area was examined in works [5, 9, 10, 11].

As an example, let us examine more in detail the method

of flying modern aircraft of the 11-62 and Tu-134 types.

Decrease in Noise During Takeoff of 11-62 Aircraft

It is achieved as a result of use of the following flying

method [12].

Selection of flap position, run, liftoff and landing gear retrac-

tion of the aircraft is made in accordance with the recommendations

of the effective Flight Operations Handbook. In the process of

landing gear retraction, the aircraft accelerates to a speed

of 320-340 km/h, depending on takeoff weight.

Takeoff. weight,, t.. 1.30 and less 140 160

Instrument speed,
km/h 320 330 3 40
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In the process of subsequent acceleration of the aircraft

to a speed of 350 km/h, for takeoff weights up to 150 t inclusive,

and to 360 km/h, for weights of 150-160 t, retraction of the

flaps from 300 to 150 begins at an altitude of 120 m.

Iuring daytime takeoff and in the event the distance of a

populated place is over 6.5 km from the start of the run, the

engine operating mode is changed to the rated one at an altitude

of 400 m. Maintaining the speed constant at 350-360 km/h and

the flaps extended to 150, a climb to 800 m is accomplished, /9

after which the aircraft is changed to the mode of acceleration

to the speed of the established c 1 i m b. During

acceleration to a speed of not over 400 km/h, the flaps are

retracted completely.

In a night takeoff or in the direction of populated places,

located at a distance of less than 6.5 km from the start of the

run, as well as during departure from airports with established

noise limitations, the expected maximum noise level must be

determined from the graphs presented in Figs. 1 and 2, as well

as, in case of necessity, exact determination for the specific

altitude conditions for use of engine operating modes and

modes guaranteeing permissible noise levels.

For noise reduction, a decrease in mode to 80% of IP-33

is permitted, after completion of flap retraction to 150 and at

an altitude of at least 150 m. With populated points located

very close, the engine operating modes must be reduced to the

required values at an altitude df at least 150 m, after which

retraction of the flaps from 300 to 150 is permitted, with

maintenance of the speed at 350-360 km/h. In all cases, the

aircraft must continue to climb with a climbing speed of at

least 4.0 m/sec.
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The height for change in engine operating modes and modes

ensuring a. noise level close to the permissible one, is deter-

mined from the initial data, including the actual takeoff weight

of the aircraft, air and ground temperature, wind velocity

component along the runway and distance of a populated point

from the start of the run.

The combined effect of the first three parameters is

taken into account through the arbitrary concept of "corrected

weight," determined by means of the graph presented in Fig. 1.

An example of a calculation is shown in the graphs pre-

sented (Figs. 1 and 2) by dashed lines with arrows, for the

following conditions:

aircraft takeoff weight 160 t

air temperature +35 0C
headwind component 2.5 m/sec

atmospheric pressure 730 mmHg

distance of populated point from
start of run 6.0 km

For these conditions, the corrected weight equals approxi-

mately 167 t. To provide the levels adopted as permissible,
for example, 102 PNdB, a decrease in the engine operating mode
to 80% must be carried out at an altitude of 350 m, continuing

the climb at a constant speed of 360 km/h. After flying over
the populated point or gaining an altitude of 300 m, the engine
is changed to the rated mode,and, in the process of acceleration
of the aircraft, at a speed of not over 400 km/h, the flaps are
retracted.

Noise Reduction During Takeoff of Tu-134 Aircraft /10

The choice of flap position, takeoff run, liftoff and landing
gear retraction is made in accordance with the recommendations
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of the Flight Operations and Aircraft: Piloting Handbook. After

liftoff, in the process of landing gear retraction, the aircraft

accelerates without delay to an instrument speed of 280-290 km/h,

for flap deflections of 200 and 300 km/h for flaps deflected

by 100. Subsequent gain of an altitude of 800 m is carried

out at a constant speed of 280-300 km/h, depending on the flap

deflection angle, for all takeoff weights up to 45 t inclusive.

During daytime takeoff and in the event the distance of

a populated place exceeds 6 km from the start of the run, the

engine operating mode must be changed from takeoff to rated at

an altitude of 400 m. At an altitude of 800 m, the stabilizers

are reset to the zero position, and the aircraft is accelerated

to the speed recommended in the Handbook. During acceleration,

the flaps are retracted at a speed of 330 km/h.

During night takeoff, as well as in the direction of

populated places located at a distance of less than 6 km, and

during departure from airports, at which noise limitations

are established, the expected noise levels must be determined

from the annexed graphs (Figs. 3 and 4) and, ,in case of necessity,

the altitude for change of the engine operating modes and the

modes providing permissible noise levels must be precisely

defined for the conditions given (takeoff weight, meteorological

conditions and location of populated points).

In these cases, a reduction to not less than 88% is per-

mitted, after completing landing gearretraction at an altitude

of at least 150 m. In all cases, the aircraft must continue

to gain altitude with a climbing speed of at least 2.5 m/s.ec.

An example of calculation of the altitude for change in

engine operating modes and modes providing noise levels close to

those permissible is shown in the graphs presented by dashed

lines with arrows, for the following conditions:
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aircraft takeoff weight 44. t

air temperature +300 C

headwind component 5 m/sec

atmospheric pressure 730 mmHg

distance of boundary of
populated point from start of run 4 km

In this case, the corrected weight is close to 50 t. To

provide the noise level accepted as permissible for daytime

and a given airport, for example, 102 PNdB, a change in engine

operating mode to n = 88% must be carried out at an altitude /11

of approximately 200 m, continuing to climb at a speed of 280-

290 km/h. After passing over the populated point or reaching

an altitude of 800 m, the engines are changed to the rated mode

of operation, and the flaps are retracted during acceleration

of the aircraft, at an.instrument speed of 330 km/h.

Characteristics and Comparative Estimates of Effectiveness of
Flying Methods Used

The basic elements, comparative characteristics and

acoustical effectiveness of the methods of flying domestic

aircraft with the least noise in an area during takeoff are

shown in Table 1.

TABLE 1.

Aircraft Type
Basic Characteristics Aircraft Tu-1 -2

Tu-104 Tu-.12.4 Tu-13 11-62

1 2 .3 .4 '5

Number and type of engines 2 TJE* 2 DTJE)  2 DTJE* 4 DTJE*

Maximum.takeoff weight, t 76 38 45 160

Flap position during
takeoff, degrees 10 10/20 10/20 30

[Table continued on following page.].......

*[TJE - turbojet engine; DTJE - double-flow turbojet engine.]
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Table 1, continued.

S2 3 54 ..

Initial climbing speed,
km/h 350 300./270 300/280 380

Acceleration start alti-
tude with intermediate
flap setting, m - - 120

Flap position after
intermediate setting,
degrees 15

Flight speed with flaps
deflected to inter-
mediate position, km/h 345

Standard altitude for
change in engine flight
mode from takeoff to
rated, m 200 300 400 400

Acceleration start and
flap retraction to

6A = 00, altitude, m 500 500 800 800

Noise level regulated /12
by ICAO standard at
control point, located
at distance of 6.5 km
from start of run, LPNdB 99 94 95 104

Altitude above control
point 6.5 km during
takeoff with maintenance
of maximum engine operat-
ing mode, m 350 480 640 440

Noise level at control
point 6.5 km during
engine operation in
maximum mode, EPNdB 118 109 110 109

Throttled mode of engine
operation according to n = 4100 .n = 88% n = 88-90% 80%
regular instruments rpm of IP-33

Noise level at control
point 6.5 km during
engine operation in
throttled mode, EPNdB 108 102 96 103

[Table continued on following page.]
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Table 1, continued.
.. 1 ............... ........ .........I ..........4 ....... ... 5 .....

1 2 3 4 5

Noise reduction by
means of engine i
throttling, EPNdB 10 7 14 6

Minimum engine throttling
altitude, m 150 150 150 150

Minimum altitude of
turn for purpose of
noise reduction, m 200 100. 100 200

Minimum turn radius
at bank angle 150, km 3.6 .2..6 2.6 .. 3.6

It should be noted that a speed, equal to V 2 + 20-30 km/h

has been selected as the characteristic climbing speed for

domestic aircraft. For small aircraft of the Tu-124 and Tu-134

types, this speed, selected for maximum takeoff weight, for

the purpose of simplifying flying, also is used during takeoff

with the lowest takeoff weights. With negligible deterioration

of the acoustical effectiveness, this permits reduction in the

pitch angle, which can increase considerably with increase in

thrust-weight ratio, which hampers survey of the forward hemi-

sphere and can cause the passengers discomfort. It is considered

that, for the majority of types of aircraft, the pitch angle

should not exceed 150. Gaining altitude without retracting the /13

flaps (deflected to the takeoff position) also permits the

pitch angle to be decreased.

Reduction in Aircraft Landing Noise

In the light of existing restrictions, this is one of the

major tasks of modern aircraft construction and operating

organizations. This problem has turned out to be more complicated

than reduction in takeoff noise, especially in modern aircraft

with double-flow turbojet engines with a high degree of double flow.

15



As is well-known, in letdown of an aircraft. for landing,

compressor .(fan) noise is decisive. Depending on the gas-dynamic

and design parameters of the power plant, the noise of the

turbines and jetstream is heard in a number of cases. The noise

also depends essentially on the engine operating mode during

aircraft letdown, i.e., on its L/D ratio and number of engines.

Introduction of the well-known method of aircraft letdown

along a double-beam glide path, with realization of a slope angle

on the order of 60 in the outer portion, although it leads Jto

significant reduction in noise, involves definite difficulties.

In this connection, the method of reduction of landing noise,

as a result of decrease in the flap deflection angle delay in

start of landing gear lowering and full flap deflection in

the landing position, is more promising. As is well-known,

this method, in combination with an increase in the altitude of

entry into the glide path and its slope angle in a specific

section, leads to a noise reduction by an amount of more than

15 EPNdB [13].

As is well-known, in accordance with standards [2, 3], the

noise created by an aircraft in an area is regulated at three

control points, characterizing the principal flight stages,

takeoff, climb and landing letdown, located at distances of

650 m to the side of the runway axis at the point of occurrence

of the maximum noise, 6.5 km from the start of the run and 2 km

from the landing end of the runway along its axis, respectively.

The permissible noise level depends on the aircraft takeoff weight.

A diagram of the location of noise measurement points and standard

noise levels, in conformance with the requirements of the standard

[31, are shown in Fig. 5. A comparison of the noise levels,

regulated by the ICAO standard at specific points, with the actual

noise levels created by aircraft of different types, is shown
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in Fig. 6, from which, in particular, a significant excess over

standard levels in the aircraft letdown stage is evident. The

characteristics of the noise created by domestic civil aviation

aircraft are presented in Table 2 [1].

Noise Reduction in Tu-144 SST [1, 14] /15

In connection with the forthcoming introduction into opera-

tion of the supersonic transport aircraft (SST), there is

undoubted interest in a comparative estimate of their acoustical

characteristics and use of noise reduction methods.

In designing the Tu-144, all known engineering methods for

noise reduction were adopted. which did not introduce appreciable

impairment of the operating characteristics of the aircraft.

The Tu-144 aircraft is equipped with double-flow engines, which,

in the estimate of the designers, permits a noise reduction of

2-3 PNdB over that of single-flow engines of the same thrust.

As has been noted in the materials of the ICAO Committee on

Aviation Noise [1, 14], the principal factor having a significant

effect on the acoustical characteristics of the Tu-144 aircraft

was the introduction of takeoff-landing mechanization. The

decrease in noise on takeoff and landing by use of takeoff-landing

mechanization is achieved by means of increase in the L/D ratio

at the same lift coefficient.

An increase in the L/D ratio to 15% in the takeoff and landing

modes is achieved by means of increase in curvature of the profile

of the primary wing by downward deflection of the elevons. The

diving moment arising during downward deflection of the elevons

is compensated for by a pitching moment, created by a forward

extension of the wing cross section, selection of the shape and

profile of which was made. so that a decrease in L-D ratio due to
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H TABLE 2.
co

Number and Maximum Maximum Maximum Noise Level in Conformance
Aircraft Maximum Thrust Takeoff Landing Maximum Noise Level in EPNdB With Appendix 16 in EPNdB

Type of Engine, Weight, Weight, DDuring Beside During During Beside During
kg kg kg Climb Runway Landing Climb Runway Landing

Letdown Letdown

Tu-lO4 2x:9500 76000 68000 108 110 112 98.8 101.3 104.3

Tu-12 4  2x5500 Q3000 35000 10 103 IIO 93.8 102.3 IC2.3

Tu-134 2x) S00 .45000 40000 96 IC6 I05 95.2 102.8 102.8
Tu-134A 2x6800 47000 43000 98 100 105 9.5 I03.0 102.0
Tu-154 3x9500 90000 73000 100 103 109 100.0 I10..8 I0- ,8
11-62 410500 160000 105000 103 .10 1i09 I0.1l 16 .4 ICS.4
I1-62M 4xII1500 165000 IO50CO I04 ICS IIO 104.5 IC.6 IC 8

Yak-40o 3xI500 OO6100 00 S 89 98 93.0 I02,0 102.0

NOTE: The noise levels presented at three control points were obtained by calculation, using
initial averaged band levels from the results of measurement, the method of which
differs from that presented in Annex 16. Accuracy is estimated at ±3 EPNdB.

All aircraft, with the exception of the Tu-104, are equipped with double-flow turbo-
jet engines (DTJE). Only the DTJE installed in the Il-62M and Yak-40 aircraft have
a degree of double flow equal to or exceeding a value of 2.



additional drag created by the forward wing would be significantly

less than the increase in L/D ratio by downward deflection of

the elevons, under conditions of ensuring t r i m.. A' forward

wing, with a relative area of about 1.5% and a five-element

curvature profile of about 30%, was used in the Tu-144 aircraft.

The lift coefficient of this wing depends on the angle of attack

and reaches values of 4.

The use of takeoff-landing mechanization permits the

altitude above the control point to be increased by 17% during

takeoff and the throttling back of the engine to be 10%. greater

(Fig. 7), which provides for a noise reduction of up to 6 EPNdB

at this control point.

At the same time, use of takeoff-landing mechanization permits

the engine to be throttled back by 15% more during landing and a

total noise level reduction by 3 EPNdB to be obtained at the

control point during landing. An additional decrease in com-

pressor noise is achieved by means of use of components with

long air intake channels in the Tu-144 aircraft.

By the start of passenger flights in the aircraft, jetstream

noise suppressors will be installed.

A comparison of the noise levels (in EPNdB) of the SST and

certain heavy subsonic aircraft, at control points regulated

by Annex 16, is presented in Table 3. The Tu-144 SST noise

level concerns the mass-produced aircraft, intended for passenger /16

flights, the start of which is planned for the end of 1974 - begin-

ning of 1975. The comparison of levels presented in the table

shows that the first generation SST and subsonic transport aircraft

have practically identical noise.
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TABLE 3.

Flight Sum of Levels
Aircraf ta g e  Takeoff Climb .Letdown at Three

Type .. . . . . . .Control Points

First Generation SST

Tu-144 114 110 110 334

Concorde 111 114 115 340

First Generation Subsonic Aircraft

707-300C 108 114 120 342

DC8-55, 61 106 116 118 340

Convair 990A 111 120 112 343

BAC VC-10 113 110 115 338

Subsonic Aircraft Recently Introduced into Operation

11-62 106 103 109 318

747-100 103 112 114 329

DC-10 96 98 106 300

L-1011 95 98 103 296

Design-Planning Measures to Reduce the Effect of Noise

Measures are planned for zoning the territory in the vicinity

of airports, for the purpose of limiting their development by

the noise conditions, created by civil aviation aircraft. This

is one of the effective methods of reduction of the irritating

effect of aircraft noise.

Standards, regulating construction in the vicinity of airports

by aircraft noise conditions, have been developed in the USSR.

It is based on the circumstances of the results of extensive

experimental research on the characteristic of noise created

by civil aviation aircraft in an area, as well as by the reaction

of the population to aircraft noise. The principles of measurement,
estimating noise and the standard requirements of the Sanitary
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Standards of Permissible Noise [15] and the corresponding recom-
mendations of the International Standardization Organization (ISO)
and ICAO, also were studied. Standards are being established
for the dimensions of zones, defining the degree of suitability
of territory in the vicinity of airports for residential con-
struction on the outskirts of a city and other types of use,
the method of plotting the zones and the understanding of the
results obtained for the case of flight operations of various
types of aircraft.

As is well-known, the irritating action of noise and the
reaction of populations living in the vicinities of airports /17
depend to a significant extent on the maximum noise level,,
created during flyover of each aircraft, the number of flyovers,
the duration of the noise action, the time of day, season, as
well as the background noise level in a given region. These
factors are taken into account by means of multiple criteria,
indexes of the total action of noise. The equivalent noise level
Leq is used as such a criterion in the practice of limitation of
construction in the vicinity of airports of the USSR, in the
general case, defined by the ratio:

.. = lo r / *~ dBA,

where Tij and LAij are the time of action and maximum sound level,
respectively, during an overflight of an aircraft of group i on
course j, and T is the total observation time.

The adopted system of standardization, besides the limita-
tion of noise by equivalent sound level, establishes a limita-
tion on the maximum sound level LA, regardless of the number of
overflights. Permissible values of the levels L and L (in dB A)eq A
in urban residential construction territories are taken from Table 4.
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TABLE, 4.

Time of Day Leq .... ....... LA

Day (from 0700 to 2300 hours) 65 90

Night (.from 2300.to 07.00 hours) 55 .. 80.

Depending on the size of Leq, three characteristic zones are

established, defining the suitability of the territory for con-

struction in the vicinities of airports. The basic characteristics

of the zones are presented in Table 5.

Civil aviation aircraft, with account taken of their operating

conditions, are characterized by typical curves of equal maximum noise

levels created in an area during takeoff and landing, as a result

of correlation of which, all aircraft can be subdivided into

separate groups, between which there is a definite interrelation,

by characteristics of the noise created. However, plotting of

the equal noise level curves involves definite difficulties in

calculation of noise attenuation, especially at great distances

from the runway. Therefore, much attention was given to correla-

tion of known noise characteristics of domestic and foreign

aircraft, for the purpose of determination of reliable relations

of noise attenuation to distance, under various operating con- /18

ditions of both jet and propeller aircraft. The individual results

of these studies are shown in Fig. 8.

Using the noise attenuation ratios obtained, according to

known takeoff and landing flight paths for calculated conditions,

as well as noise level measurements at comparatively short dis-

tances from the aircraft, characteristic relations of change in

maximum sound level LA were obtained for aircraft of the initial

second group of Fig. 9.
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TABLE 5.

.Zone...... Z.one A Zone B ... Z.one C

Value of Leg Day - over 70 70-65 Less than 65
Night - over 60 60-55 Less than 55

Urban residential Prohibited Permitted in Approved
construction individual

cases with
use of in-
creased
acoustical
insulation

Therapeutic- Prohibited Prohibited Not recommended
prophylactic and close to zone
children',s insti- boundary
tutions, schools

Hotels Approved with insulation of Approved
halls and bedrooms. Effec-
tiveness of the required
acoustical insulation is
determined by the specific
circumstances.

Administrative-
public buildings Not recommended Approved Approved

with in-
creased
acoustical
insulation

Industrial enter- Approved, depending on specifics of the
prises enterprise, the question of location and

noise protection is solved on the basis
of the specific circumstances

With consideration of refined data, classification of

domestic civil aviation aircraft by characteristics of the noise

created appear as follows (Table 6).

23



T.ABLE 6.

Group Operating Aircraft Type Correction to LA Values
in Fig. 9

.... .... ..... Take.off . . .Landing

I Tu-10o4 Tu-ll4 +5 0

II Tu-123; Tu-134, 11-62, 11-62M 0

III 11-18, An-TO, An-12 -5 -5
IV Tu-154, An-24 -10

V Yak-.4.0 . -15 -10

A comparison.of the criterion Leq with other criteria, /19

extensively used in the practice of zoning airport vicinities in

other countries, is shown in Fig. 10, using the relations presented'

below. It was assumed [17] that the average maximum noise level

in each overflight equals PNL = 110 PNdB (or 110 EPNdB for

criteria NEF and WECPNL), and that the time of action of the

noise was 10 sec.

Leq =/ /O ((p'.-~a) -+/iO N -376 ;

CNR = 10 0 o1 PNL _ O N ; 2 ;

NEF = I0 o, EPL +/f0 iV - 88 ;
Jr' =/O o P  + o V. - 3 ;
NNJ =101 OO 0 ' /5N N - 80;

Q =/ 03,3to L P /+f3,3p3 ;523

0 =o 0 10o )--+10 N -9, 4 ;

WECPVL =/0 O 0 ,EPNL -+O N/-39, 4 .
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Among the highly fruitful ideas emerging recently in France

[1, 18] is development of the concept characterized by the

criterion "significant area of general annoyance," SAGA. The

use of this criterion permits solution of a whole series of

important problems, directly connected with reduction in the

irritating action of noise of modern aircraft.
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Fig. 2. Flight path and noise created in an area during takeoff
of 11-62 aircraft.
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Fig. 3. Nomogram for determination of corrected
weight of Tu-134 aircraft.
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14 Noise created in
.area. PNd .

Si Engine operating
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Fig. 4. Flight path and noise created in an area during takeoff
of Tu-134 aircraft.
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------Landing Engine Takeoff ThroTtT i Mode

Mode ..Operating Mode (Climb Gradient 5%)
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EPNLNM

MaueetEmpirical dependence-of EPN
Flight St-age Measurement u ~37,5 ton on G in -weight .range , ; -00 ton
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Takeoff I 102 6,6 e + 91 G 108

Climb _-, 92 I68,8C + 85, 107

Fig. 5. Diagram of location of noise measurement points and permissible noise
levels regulated by GOST 17228-712

2 [GOST - All-Union State Standard.]
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Fig. 6. Comparison of noise levels regulated at three points.
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Fig. 7. Effectiveness of use of mechanization in takeoff of

Tu-144 (takeoff weight 180 tons, engine throttling -- Etext
illegible] 5.7 km from start of run, subsequent climb with
gradient of 6%).
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X. Tu-I24
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propeller aircraft; 2. BBN Company data; 3. recommended relation

-__ • N.-"

i JU .2 3 ,1 5 . o 20

Fig. 8. Results of investigation of overflight noise attenuation
with distance from aircraft takeoff: i. Relation recommended for
propeller aircraft; 2. BBN Company data; 3. recommended relation
for jet aircraft; 4. region of measured levels for 707-120, DC-8,
Comet 4, Caravelle 3 (from different sources); A x a:0 from data
of work [161; A D 0 from data of Hilscher (GDR).
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Fig. 9. Typical equal sound level curves LA (in dB A) for aircraft of second
group, adopted as initial ones.
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Fig. 10. Comparison of indices of total noise action, used in zoning
practice in vicinities of airports, from condition of noise created, in
different countries:
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